ABSTRACT The Mexican fruit ßy, Anastrepha ludens (Loew), is one of the 10 worldwide more important fruit crop pests. Orchards of southeastern Chiapas also shelter the tree-dwelling lizard Norops serranoi (Kö hler), which likely prey upon these ßies. In standard laboratory conditions, we determined the functional response of four male and four female lizards on mass-reared fruit ßies. We used a general logistic analysis of proportion of killed prey versus available prey to determine the shape of the functional response. Male lizards showed a type II functional response, while females showed a type III functional response. For the highest fruit ßy densities, female lizards caught signiÞcantly more fruit ßies than males did. The predator evasion ability and the survival of mass-reared and wild fruit ßies were compared. Wild fruit ßies evaded more male lizard attacks than mass-reared ßies. However, when female lizards attacked, there was no signiÞcant difference between strains. Fruit ßies survival was higher with male than with female lizards, but it did not depend on fruit ßy strains. This is the Þrst report of a vertebrate preying on the Mexican fruit ßy, demonstrating that female lizards impose a higher predation pressure and are more efÞcient at capturing wild fruit ßies than males. We discuss the implications of our results on mass-rearing and quality control of sterile ßies.
sexual pheromones, aggregating themselves to the groups or "leks" (Morgante et al. 1993; Aluja 1993 Aluja , 1994 Aluja et al. 2000) .
Predation has been found to be strong on immature and early adult stages of A. ludens (Thomas 1995 , Aluja et al. 2005 . According to Burk (1982) , predation might be the most important mortality factor on sexually active males. Bradbury (1981) proposed that predation could be the selection factor that resulted in lek mating systems. However, there are very few empirical studies on the effect of predators on tephritid adults. Hendrichs (1986) found that Anastrepha suspensa (Loew)-courting males were more predated than females and those males on the periphery of leks were more predated than those in the center. Hendrichs and Hendrichs (1998) reported predation by wasps on pheromone calling Ceratitis capitata (Wiedemann) males.
To avoid or reduce the damage of fruit ßies in Mexico, a National Program was implemented since 1992. An area-wide pest control strategy has been used, where the sterile insect technique (SIT) is a key element (Orozco et al. 2004 , Gutié rrez 2010 . The application of SIT requires mass-production of the target species. However, it has been demonstrated that adaptations to mass-rearing conditions could affect: 1) courtship and mating behavior (Harris et al. 1986 (Harris et al. , 1988 Whittier et al. 1994; McInnis et al. 1996; Cayol 2000; Eberhard 2000; Lux et al. 2002; Rull et al. 2005) , 2) the synchronization of the sexual activity for the variation of light and temperature needs (Shelly et al. 2003) , and 3) the abilities to avoid predators (Hendrichs et al. 2007 ). Ability to avoid predators in the Þeld is an important and desirable trait for sterile male ßies. Hendrichs et al. (2007) found that C. capitata (medßy) mass-reared males were less efÞcient at ßying away from potential predators in comparison with wild males. Under Þeld conditions, wild tephritid ßies show antipredatory behavior, ßying or walking away and sheltering in a hiding place (Thomas 1995) . Tephritid fruit ßies are also known to deter salticid spider attacks (Greene et al. 1987, Mather and Roitberg 1987) .
The lizard Norops serranoi (Sauria: Iguanidae: Polychrotinae sensu Macey et al. 1997 ) is common in rural environments and they are encountered in grapefruit orchard of Chiapas. As they are tree-dwelling, they are encountered at 0.4 Ð1.5 m above the ground, preferentially on large trees, Yucca plants, and fence posts along small roads (Kö hler and Acevedo 2004) .
Little is known about this species. It was Þrst described by Kö hler (1999) . Its known geographic distribution is in the PaciÞc versant of northern Central America, from Chiapas, Mexico, through southern Guatemala to El Salvador (Kö hler and Acevedo 2004). Adults of N. serranoi measure between 60 and 80 mm from the tip of the snout to the opening of the vent (SVL), the males are longer (SVL 80 mm) than females (SVL 70 mm). For both sexes, dorsal surfaces of body vary from grayish to olive brown with darker brown transversal and longitudinal bands along the body. Color pattern varies without obvious sexual correlation (Kö hler and Acevedo 2004) . It seems to be related to the color pattern of the background (A. D., unpublished data). Because anole lizards and tephritid ßies cohabit in trees, it is very likely that anole lizards prey upon ßies and contribute to the natural mortality of fruit ßy populations.
The capacity of a predator to prey on pest populations can be related to the functional response of the predator (Hassell 1978 , Fujii et al. 1986 ). Holling (1959) deÞned it as the relationship between the number of prey captured by a predator and the number of available prey during a given time interval. This author stated the existence of three types of functional responses. Type I is when a predator shows a constant rate of catching, irrespective of the density of prey; the proportion of killed prey is independent of prey density (Juliano 2001) . Type II is when predator-catching rate becomes progressively smaller as prey density increases, corresponding to a declining proportion of killed prey (Juliano 2001) . Type III is when the proportion of killed prey Þrst increases with the increase of the prey density and then decreases; the result is a sigmoidal-shaped curve (Holling 1966 , Juliano 2001 .
Our aims in this study were: 1) to determine the functional response of the anole lizard N. serranoi preying on mass-reared A. ludens; 2) to compare predation success between males and females lizards; 3) to compare the frequency of captured mass-reared male and female A. ludens; and 4) to compare the evasion abilities of mass-reared and wild A. ludens ßies.
Materials and Methods
Biological Material. A. ludens Mass-reared A. ludens ßies were obtained from the Moscafrut mass-rearing facility (Servicio Nacional de Sanidad, Inocuidad y Calidad Agroalimentarṍa [SENASICA]-Secretarṍa de Agricultura, Ganaderṍa, Desarrollo Rural, Pesca y Alimentació n [SAGARPA]-Instituto Interamericano de Cooperació n para la Agricultura [IICA]), located in Metapa, Chiapas, Mexico. This facility produces Ϸ120 million sterile A. ludens ßies per week as part of the actions of the National Fruit Fly Campaign (Dominguez et al. 2010) . Wild ßies were obtained as larvae from infested grapefruits and bitter oranges collected from small orchards or backyards around Tapachula city. Fruits were brought into the laboratory, where larvae matured for 8 d and then they were manually extracted and placed in containers with vermiculite to allow pupation.
After 14 d, mass-reared and wild pupae were placed separately in open petri dishes inside 30 by 30 by 30 cm glass cages for adult emergence. The petri dishes with the empty pupal cases and nonemerged pupae were removed from the cages after 24 h, so the age of all the ßies in each cage was the same (within 24 h). The amount of laboratory pupae placed in each cage was estimated by weight and the possible percentage of emergence so that there were Ϸ300 ßies (males and females) per cage. Wild ßies were not limited because the number of larvae never reached 300. The adults were fed ad libitum with a standard 3:1 sugar: hydrolyzed yeast dry diet (Hagen and Finney 1950) . Water was provided in plastic vials (10 cm in length and 2.7 cm in diameter) plugged with cotton wicks. Cages were maintained at 26 Ϯ 2ЊC, 70 Ϯ 10% relative humidity, and a photoperiod of 12:12 (L:D) h. N. serranoi. Four males and three females were captured in a semiconserved zone with thatch palms (Sabal sp.) surrounded by banana plantations and pasturelands near the "Morelos" community (14Њ 47Ј31Љ N and 92Њ27Ј2Љ W and 14Њ 47Ј25Љ N and 92Њ 27Ј4Љ W), localized at 23 km south of Tapachula. Lizards were collected in trees between 2 and 5 m above the ground. A fourth female was captured in a grapefruit plantation at the Rosario Izapa agricultural experimental station (14Њ 58Ј28Љ N and 92Њ 9Ј16Љ W), localized at 18 km west of Tapachula.
The eight lizards were maintained in the laboratory, in the same conditions as fruit ßies. Each individual was held in a 30 by 30 by 30 cm glass cage, with small branches or twigs that provided resting sites. A litter of leaves permitted the maintenance of a high humidity (Ͼ70%) and provided hiding places for the lizard. Water was vaporized daily on partitions and on the cage litter. Living fruit ßies were introduced every 2 d in each cage to feed the lizards. Fifteen fruit ßies were introduced in maleÕs cages and 20 in femaleÕs cages, because we observed that males tend to eat less than females. This number of ßies was enough to maintain the lizards sufÞciently fed. Remains of dead fruit ßies were removed every day, to avoid fungus development and arrival of ants. Before experiments, lizards were acclimated to these conditions for a period of 3 wk. Leaves were changed when they began to rot, approximately every 3 wk.
Functional Response. Each of the eight lizards (four males and four females) was exposed to a random sequence of eight A. ludens densities (2, 6, 10, 20, 30, 40, 50, and 60) . Two days separated each exposure to allow the lizards the digestion of consumed fruit ßies and to be hungry for the next exposure. The exposition to all eight densities was repeated three times, leaving a resting period of 2 wk between replicates. Maintenance diet portions of 15 ßies for males and 20 for females were exposed to them during this resting period to reestablish normal hunger level.
Each lizard was tested 24 times and 96 observations were obtained for each sex of N. serranoi. Exposure period was 6 h; this time was established after preliminary observations indicated that lizards required this much time to prey on the fruit ßies. After this period, surviving ßies were collected and recorded (fruit ßy sex ratio 1:1) to calculate the numbers of consumed individuals. Fruit ßies of 3Ð18 d-old were randomly presented to each lizard.
Preliminary Observations of Behavior of MassReared Fruit Flies. During the Þrst 30 min of fruit ßies exposure to each lizard, we directly observed the preyÐpredator interactions. Observations were realized for two fruit ßy densities (50 and 60), because these high densities allowed frequent encounters between fruit ßies and lizards. Each lizard was observed twice. The following parameters were recorded: 1) sex of lizard; 2) capture, when lizard jumped toward the fruit ßy, opened its mouth, caught, and consumed it; 3) evasion, when lizard jumped toward the fruit ßy, opened its mouth to catch it, but failed because the fruit ßy evaded by ßying or jumping; and 4) absence of interaction between the lizard and fruit ßies during the observation period. All the observations were performed between 1000 and 1300 hours.
Evasion Ability and Survival of Mass-Reared and Wild Male Fruit Flies. In total, 10 wild male fruit ßies and 10 mass-reared males were marked on the thorax with different color of acrylic paint to differentiate them (Aluja et al. 2001) . These color-marked males were placed simultaneously in a cage with a single lizard. For each of the seven lizards (four males and three females), ßies were exposed to lizard for 2-h periods.
During the Þrst 60 min of fruit ßy exposure, we directly observed the preyÐpredator interactions including capture and evasion (as described in Preliminary Observations of Behavior of Mass-Reared Fruit Flies), and the occurrence of predatory displays showed by fruit ßies (supination, see Rao and Dṍaz-Fleischer 2012 for more details). We considered an evasion successful when the fruit ßy evaded so far or so quickly that it was not pursued and captured by the lizard, and an evasion unsuccessful when the lizard managed to capture the evading fruit ßy. In total, 15 observations for lizard males and 13 for females were made.
The number of surviving fruit ßies of each strain was recorded at the end of the exposure period. The exposure time was established after preliminary observations, indicating that lizards took Ͼ2 h to prey on 20 ßies. In total, 20 observations were made for male and 16 for female lizards. As previously, tests were run every 2 d to allow lizards to digest consumed ßies and be hungry for the next exposure. We tested mass-reared and wild ßies of different ages; mass-reared ßies were 10Ð18 d old, whereas wild ßies were 14Ð22 d old. These ages correspond to sexual maturity (Liedo and Carey 1996) . Data Analysis. Functional Response. At Þrst, we conÞrmed the absence of autocorrelation between the residualsÕ model among the numerous observation of each lizard (Box et al. 2008) . For each lizard sex, the effect of individual lizards on the general functional response was evaluated through the comparison of data Þtted to functional response model (Holling disc equation) with blocks (individuals) using the likelihood ratio test for nested models. Females did not present blocking effect (LR ϭ 4.307765; P ϭ 0.6351), while males did (LR ϭ 13.494; P ϭ 0.0358). Given the marginality of this effect and the general erratic behavior of the four males, we chose not to block data. However, because residuals of male and female models were not normal, the determination of the parameters a and T h was made through bootstrap methods (Manly 1997 ), which were not affected by the individual lizards.
One model of functional response was tested separately on male and female lizards to determine which functional response type explained best the observed data. A general logistic regression analysis of proportion of killed prey versus the number of available prey was used (Juliano 2001 ) with a cubic polynomial function to determine the shape of the functional response:
where ␤ 0 , ␤ 1 , ␤ 2 and ␤ 3 are the parameters to be estimated using the maximum likelihood method (Juliano 2001) . If ␤ 1 is signiÞcantly different to zero and ␤ 2 and ␤ 3 are equal to zero, functional response is type I; if ␤ 2 is signiÞcantly different to zero and ␤ 3 is equal to zero, functional response is type II; and if ␤ 3 is signiÞcantly different to zero, functional response is type III. The models of functional response were those described by Holling (1959) . Type II model was as follows:
where N a is the number of consumed fruit ßies, N is the number of fruit ßies exposed to lizards, a is the searching time of the predator, T is the observation interval time (6 h), and T h is the handling time of the predator. The type III model was
The parameters a and T h were calculated Þtting a nonlinear least square model, according to suggestions by Juliano (2001) .
Survival of Male and Female Fruit Flies.
For each density of fruit ßies and each sex of lizard, we compared the numbers of surviving fruit ßy males and females with a MannÐWhitney U-test (Zar 2010) .
Preliminary Observations of Behavior of MassReared Fruit Flies. To assess the behavior of massreared fruit ßies during interactions with lizards, we compared the probability of three fruit ßy responses to lizards (capture, evasion, or absence of interaction) as a function of lizard sexes with a logistic model for multinomial response (Hofman 2006) . The model was separately run for fruit ßy densities 50 and 60.
Evasion Ability and Survival of Mass-Reared and
Wild Male Fruit Flies. For the fruit ßies evasion abilities, we represented the results under a ßow diagram of the observed behaviors when male and female lizards were presented to wild and mass-reared fruit ßies: absence of interaction, attack, capture, successful evasion, and unsuccessful evasion. Percentages were calculated from the total number of fruit ßies presented to the lizards. We also calculated indexes corresponding to attack failure (number of evasion by number of attack), when the lizard attacked a fruit ßy but failed to capture it; and evasion success (number of successful evasion by number of evasion), when the fruit ßy managed to evade predation without risk of immediate predation. For the survival observations, we tested the inßuence of fruit ßies strain, and lizard sex on the survival of fruit ßies at the end of the 2-h confrontation, comparing the number of surviving fruit ßies by a Þtted generalized linear model with a binomial distribution (fruit ßy death and survival). All analyses were done using R software (R Core Team 2013).
Results
Functional Response. The functional response curve for males was best described by a Holling type II response, where inverse density dependence on the proportion of captured fruit ßies can be observed (Fig.  1) . Table 1 shows that the ␤ 3 polynomial parameter is the only parameter that did not present a signiÞcant Þt to the functional response model, conÞrming this functional response for N. serranoi males. Indeed, lizard males were observed to consume the highest proportion of fruit ßies (0.9167) at the smallest density (two fruit ßies), and then the proportions progressively decreased while density increased (Supp Table  1 [online only]).
In the case of females, data from two observations were eliminated from the analysis as outliers (94 observations were analyzed instead of 96). The func- tional response curve for females was consistent with a Holling type III response, with density-dependent proportion of consumed fruit ßies (Fig. 1) . All polynomial parameters showed a signiÞcant Þt of N. serranoi females to this functional response (Table 1) . Observation data support this functional response, as the highest proportion of consumed fruit ßies (0.9625) was at the density of 20 fruit ßies (Supp Table 1 [online only]). From 2 to 20 available fruit ßies, the proportion of predated ßies increased, and from 20 to 60 the proportion decreased.
The mean of searching rate (a) for male lizards was higher than for females (see Fig. 1 ), but with greater variation. Means of handling time of preys (T h ) were similar for both sexes, although 95% CI was smaller for females than males.
Survival of Male and Female Fruit Flies. Considering all fruit ßy densities, fruit ßy males showed a higher proportion of survival (0.61) than females (0.52) when confronted by male lizards. The detailed analyses of fruit ßy survival for each density did not show signiÞcant difference between males and females ( Fig. 2) , even though fruit ßy males marginally survived better than females (W ϭ 33; P ϭ 0.07524) for density 60. When confronted by female lizards, the general survival proportions of both sexes of fruit ßy were similar: 0.28 for males and 0.27 for females. The same occurred in the detailed analyses for each density of fruit ßies (Fig. 2) .
Preliminary Observations of Behavior of MassReared Fruit Flies. In the 30 min observation, when lizards were presented to 50 fruit ßies, they did not interact with ßies in the majority of the cases (Fig. 3) . However, female lizards captured a signiÞcantly greater proportion of fruit ßies than male lizards, and a lower fraction of fruit ßies was able to evade female lizard predation ( 2 ϭ 60.07; df ϭ 2; P Ͻ 0.001). When lizards were presented to 60 fruit ßies, the same tendency was observed ( 2 ϭ 28.6; df ϭ 2; P Ͻ 0.001). 
Fig. 2.
Notched box plots of male and female A. ludens survival, when presented to male and female N. serranoi at eight densities of fruit ßies (2, 6, 10, 20, 30, 40, 50, and 60) . MannÐWhitney U-test; NA: not applicable, NS: not signiÞcant difference. (Fig. 4) . When they did, they attacked similar percentages of mass-reared and wild fruit ßies (13 and 11.7%, respectively). They captured more mass-reared than wild fruit ßies (sum of total captures was 10 and 6.6%, respectively). The attack failure (number of evasion by number of attack) was higher with wild than mass-reared fruit ßies (54.3 and 30.8%, respectively), meaning that wild fruit ßy males evaded more predator attacks than massreared males. However, evasion success (number of successful evasion by number of evasion) was similar for wild and mass-reared fruit ßies (78.9 and 75%, respectively), meaning that wild and mass-reared fruit ßies have the same abilities to successfully avoid lizard predators. Only 1% wild males and no mass-reared males showed an antipredatory display to male lizards.
Female lizards reacted more to presence of fruit ßies than male lizards did, as the absence of interactions fell to 37.7%. They attacked more than twice the number of ßies than the male lizards, with similarly percentages for mass-reared and wild fruit ßies (30 and 32.3%, respectively). They also captured more than twice the number of fruit ßies than the male lizards, with similar percentages for mass-reared and wild fruit ßies (sum of total captures was 25.4 and 26.9%, respectively). Their attack failures were lower and similar for wild (21.4%) and mass-reared fruit ßies (17.9%). Evasion successes were slightly lower for wild fruit ßies (77.8%) than for massreared fruit ßies (85.7%), meaning that both fruit ßy strains poorly evaded female attacks, but when they managed to evade, in most cases they were successful, in particular for mass-reared ßies. No wild males and 1% mass-reared males showed an antipredatory display to female lizards.
At the end of the 2-h confrontations, almost all lizards consumed at least one fruit ßy, except for one male in one replicate. The analysis of deviance showed that the sex of lizard had a signiÞcant effect on ßy survival; whereas ßy strain had no effect (Table 2) . When presented to male lizards, more mass-reared Numbers in bold are signiÞcant.
Fig. 4.
Flow diagrams of attacks (on mass-reared and wild fruit ßies), absence of interaction (N interaction), capture, evasion, successful evasion (no capture), and unsuccessful evasion (capture) for male and female lizards. Broken arrows correspond to percentage Ͻ10%, whereas solid arrows correspond to percentage Ͻ30% and boldface solid arrows correspond to percentage Ͼ30%. The sum of percentages at the bottom of each diagram equals 100%. and wild ßies survived than when presented to female lizards (Fig. 5) .
Discussion
To our knowledge, this is the Þrst report on a vertebrate preying on A. ludens and the estimation of the functional response of the common dwelling lizard. Montoya et al. (2000) studied the functional response of the parasitoid, Diachasmimorpha longicaudata (Ashmead) (Hymenoptera: Braconidae), on A. ludens. Their work focused on the egg-laying behaviors of the parasitoid into fruit ßy larvae, within the augmentative biological control approach. Here, we recognize that this predator is not a candidate for biological control programs. It is a generalist natural enemy that has the potential to cause important ecological disequilibrium, if it is introduced into new areas or if it is released in large numbers. There is evidence of the undesired effects of using this type of natural enemies for biological control purposes. For instance, native Anolis lizards have a direct effect on the spidersÕ community through the intraguild predation (Pacala and Roughgarden 1984) or competition (Spiller and Schoener 1990) . Anolis grahami was introduced into Bermuda islands to control C. capitata populations, with an apparent success, as medßies disappeared. But lizards became the target of the introduced Kiskadee bird, Pitangus sulfuratus, thereby becoming a pest itself (Cock 1985) .
N. serranoi showed different individual predatory strategies as a function of sex, with males presenting a type II functional response and females presenting a type III functional response. Following Holling (1959) , males prey on a higher proportion of fruit ßies for small densities than for high densities. Capture rate and handling time of males were variable among individuals and replicates. Females, however, have the potential to regulate populations of A. ludens because they rarely prey upon fruit ßies when these were at low densities, allowing the fruit ßies to maintain a minimal density. As fruit ßy density increased, capture rate did too, until fruit ßy density was higher than female lizard predation ability. For females, the predation rate and handling time were less dispersed, imposing a more constant predation pressure to the ßy population.
These results on functional response should be taken with caution because models make strong assumptions about the pattern of predation processes (Okuyama 2012) . The Holling type II model assumes that the prey capture rate increase linearly with prey density, while the handling time remains constant. The Holling type III model assumes that the capture rate only varies as a function of prey densities. But, it has been empirically demonstrated that handling time actually varies as a function of the prey density, and that the capture rate increases slower than expected in the Holling II model (Mols et al. 2004 , Okuyama 2012 ). The fact is that models do not take into account searching time (Okuyama 2009) or the antipredatory behavior of the prey (Š kaloudová et al. 2007) , which can reduce the capture rate. In our particular case, the handling time and capture rate were variable and seem to depend on many factors. Lizard gender seems to be one, as males consumed fewer fruit ßies than females in the standard condition. Antipredatory behavior of fruit ßies, such as ßight, increases the handling time and decreases the capture rate. Stress level also seems to affect the lizard predatory strategy. For instance, one of the four males did not eat anything during the Þrst 5 wk of its captivity and was very jittery, jumping against the walls of the cage when the cage was cleaned up. After this period, it consumed fruit ßies as other males. We assumed that this animal was too stressed by the new habitat conditions (Brown et al. 2013) .
Male lizards seem to be subject to other pressure. When directly observed, all males remained immobile and observed the observer for a long time, either on the ßoor of the cage or on the twigs, and the color of their skin resembled the background. They did not capture any fruit ßies during these periods. It was not rare that fruit ßies walked or landed on lizardÕs body or head, without any reaction from the lizard. Antipredatory and wary behaviors seem to strongly lead predatory strategy of males, resulting in variable capture rates along replicates. In contrast, when directly observed, females were more attentive to fruit ßies and captured them more, although they stayed immobile for some time too. Contrasting to males, females were focused on hunting instead of antipredatory defense, explaining the less dispersed capture rates and greater predation pressure.
The result of females eating more prey than males in laboratory conditions is discrepant with the study by Karasov and Anderson (1984) on Cnemidophorus hyperythrus, for which males and females captured similar proportions of prey. The difference can be explained by the energetic cost of reproduction induced by the gravidity of females in comparison with males (Beyer and Spotila 1994) . During our observa- tions, all females laid eggs around every 15 d. They tend to feed more frequently, probably to offset the increased expenditure of reserves (Jonsson et al. 1995) . In the oviparous lizard Sceloporus undulatus, the metabolic rate of gravid females was higher than when they were nongravid (DeMarco and Guillette 1992, Angilletti and Sears 2000) .
Differences among male and female lizards in terms of cryptic defense and predation behavior is noteworthy because behaviors have different purposes in terms of an energetic need apparently related to eggs production. Males are more cautious than females and eat less, while females eat more to store energy despite the predation risk represented by the human observer. These results support the general theory of sexual differences and underline the functional response difference (Bateman 1948) .
Lizard gender also affected the survival of fruit ßies confronted by them. In presence of lizard males, fruit ßy males survived slightly more than fruit ßy females. This can be related to oviposition behavior of A. ludens females. Unlike males, females confronted a trade-off between searching for oviposition sites to lay their eggs or avoid predation by lizard. Our results are not as clear as those found by Hendrichs and Hendrichs (1998) on C. capitata, where females were attacked twice as much as males by yellow jacket wasps, Vespula germanica (F.). It is likely that the attack strategy of wasps depends more on fruit ßy unwariness than that of lizard males. When the predators were lizard females, survivals of both fruit ßy sexes were similar. In this case, the highest abilities of lizard females probably masked even more the oviposition versus wariness trade-off. They attacked generally in Ͻ1 s and were not necessarily from proximity to the fruit ßies. Female lizards were sometime observed successfully attacking a fruit ßy, jumping from one corner of the cage to the other corner. Therefore, it is not impossible that fruit ßies were not aware of the distant predator and were taken by surprise.
Fruit ßy strains do not seem to signiÞcantly affect the interaction with N. Serranoi under these laboratory conditions. However, it was possible to detect a tendency when fruit ßies were presented to lizard males. Wild A. ludens males evaded more predator attacks than mass-reared males. Our study does not show results as clear as those reported by Hendrichs et al. (2007) on C. capitata, where evasion abilities were compared between irradiated mass-reared genetic sexing strain males and nonirradiated wild males. Wild males escaped yellow jacket predators between two and three times more than sterile males did. In addition to being a different predator species, a different fruit ßy species and different experimental conditions (Þeld cage versus laboratory); the difference can probably be related to the effect of irradiation, which negatively affects the evasion abilities of male medßies (Hendrichs et al. 2007) .
Fruit ßies almost never showed antipredatory displays (Headrick and Goeden 1994, Rao and Dṍaz-Fleischer 2012) when they were in front of the lizards. This can be related to an absence of detection of the lizard as a predation risk. When they displayed, lizards were not repelled, as the Whiptail lizard, Cnemidophorous uniparens (Greene et al. 1987) . Antipredatory displays did not act as an important factor in predatory interactions between fruit ßies and lizards.
Despite the lack of a very clear difference in the predator evasion ability between mass-reared and wild ßies, there was a tendency toward better abilities in wild ßies. This suggests that mass-rearing conditions affect the predator evasion ability. The difference encountered between mass-reared and wild A. ludens males when they were exposed to lizard males permits us to propose their use to assess predator evasion abilities of mass-reared fruit ßies. Our experimental conditions could be used as a basis to develop standard testing protocols. The effect of different irradiation doses on the evasion skills could also be tested (Toledo et al. 2004 . Predator evasion and mating competitiveness are two elements of sterile ßy performance to be considerate to improve the efÞ-ciency and efÞcacy of SIT.
